Bile-acid conjugates -+ bile acids Taurocholic acid has been degraded under aerobic conditions by Aspergillus niger to give cholic acid (Furuta, 1959) . A series of investigations with a selection of rat intestinal bacteria (Midtvedt & Norman, 1967 showed that many such bacteria have the ability to deconjugate both taurocholic acid and glycocholic acid under anaerobic conditions producing cholic acid. Similarly bacteria isolated from human saliva and intestines are capable of producing cholic acid from taurocholic acid and glycocholic acid under anaerobic conditions (Hill & Drasar, 1968; Aries et al., 1969; Shimada et al., 1969) .
Glycocholic acid '
A strain of Escherichiu coli isolated from a faecal sample of a colon-cancer patient has the ability to degrade taurocholic acid and glycocholic acid under anaerobic conditions (Tenneson et al., 1977) . This is the only reported observation of side-chain cleavage of cholic acid conjugates and again involves cholic acid as a metabolite.
The present communication reports the degradation of taurocholic acid and glycocholic acid by Pseudomonas spp. N.C.I.B. 10590 under aerobic conditions. The isolation and characterization of steroidal and non-steroidal metabolites in both cases has enabled the construction of a possible pathway of both taurocholic acid and glycocholic acid degradation.
The aerobic metabolism of taurocholic acid and glycocholic acid by Pseudomonus spp. N.C.I.B. 10590 was carried out in a buffered mineral-salts medium in each case, with the bile salt as a sole carbon source. 100ml-shake-flask cultures were incubated at 28°C for 14h. Each culture was terminated by direct extraction of the metabolites into redistilled ethyl acetate, the solvent being removed by evaporation. Steroid products were separated by preparative t.1.c. on Kieselgel GF254 plates in methanol/dichloromethane (1 : 9, v/v). Products containing a 1,4-dien-3-one structure were detected under U.V. light; other products were detected by their colour with anisaldehyde reagent (Kritchevsky et al., 1963) . Acidic products were methylated with diazomethane. Identification of the products was achieved with reference to t.l.c., g.l.c., mobilities, u.v., Lr., and mass spectra of known standards and compounds previously isolated and Vol. 6 (Tenneson, 1977) . Retention times for g.1.c. were measured relative to 5a-cholestane. Analysis on t.1.c. was performed on Kieselgel GF254 as described above and the mobilities were measured relative to androsta-l,4-diene-3,17-dione.
Both taurocholic acid (I, Scheme 1) and glycocholic acid (11) were degraded by Pseudomonas spp. N.C.I.B. 10590 to C 0 2 and water after a period of 24h. The products isolated after 14h incubation corresponded in each case to cholic acid (III), 7a,12a-dihydroxy-3-oxopregna-1,4-diene-20-carboxylic acid (IV) and 7a,l28-dihydroxyandrosta-l,4-diene-3,17-dione (V) . Non-steroidal phenolic compounds were also detected, as shown by their characteristic U.V. spectra.
In the present study, cholic acid was again isolated as a degradative metabolite. It is therefore suggested that deconjugation of bile-acid conjugates to give free bile acids is the first step in the degradation. Side-chain cleavage of the bile acid from a C24 steroid through a Cz2 steroid to a CI9 steroid is probably the next degradative step. This involves dehydrogenation of the 3a-hydroxyl group followed by dehydrogenation of ring A to give 1,4-dien-3-oxo steroids. Such transformations have been shown to be necessary before side-chain cleavage can occur (Hayakawa, 1973) . The hydroxyl group at C-12 is epimerized from the a-position in the Czz steroid (IV) to the /?-position in the CI9 steroid (V). This epimerization, which is also shown in the degradation of deoxycholic acid by Pseudomonas spp. N.C.I.B. 10590 (Barnes et al., 1976), is probably necessary before side-chain cleavage of the CZ2 steroid can occur. The degradation of the CI9 steroid (V) probably occurs via non-steroidal phenolic compounds to C o t and water. The series of reactions described above is illustrated in Scheme 1.
The degradation of bile acids and their conjugates by bacteria is implicated in the aetiology of colon cancer (Hill, 1974) .
Since Pseudomonas spp. N.C.I.B. 10590 degraded taurocholic acid and glycocholic acid in a way similar to that shown by an E. coli strain isolated from a faecal sample of a colon-cancer patient (Tenneson et al., 1977) , a study on the carcinogenicity of the compounds produced by the Pseudomonas spp. could add support to the above hypothesis.
